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(57) ABSTRACT 

In one embodiment, a first Substrate having first solder bumps 
and a second Substrate having second solder bumps are 
stacked while temporarily tacking the solder bumps to each 
other, and then a stack is disposed inside a furnace. The gas in 
the furnace is exhausted to be in a reduced pressure atmo 
sphere, and then a carboxylic acid gas is introduced into the 
furnace. While increasing a temperature inside the furnace 
where the carboxylic acid gas is introduced, the gas in the 
furnace is exhausted to be in a reduced pressure atmosphere at 
a temperature in a range from a reduction temperature of 
oxide films by the carboxylic acid gas to lower than a melting 
temperature of the Solder bumps. By increasing the tempera 
ture inside the furnace up to a temperature in a range of the 
melting temperature of the Solder bumps and higher, the first 
solder bumps and the second solder bumps are melted and 
joined. 

14 Claims, 5 Drawing Sheets 
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1. 

METHOD FOR MANUFACTURING 
SEMCONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from Japanese Patent Application No. 2009-146153, 
filed on Jun. 19, 2009; the entire contents of which are incor 
porated herein by reference. 

FIELD 

Embodiments described herein relate generally to a 
method for manufacturing a semiconductor device. 

BACKGROUND 

In recent years, in order to deal with higher pin counts, fine 
pitches, and increase in signal speed of semiconductor chips, 
there are used semiconductor devices employing flip-chip 
connection as a mounting method having short wiring and 
connection lengths. When the flip-chip connection is applied 
to connection between semiconductor chips and connection 
between a semiconductor chip and a silicon interposer, Solder 
bumps are formed on electrode pads of upper and lower chips 
(semiconductor chips or silicon interposers) respectively, the 
chips are aligned to face these solder bumps and stacked, and 
then the solder bumps are heated and melted to be connected. 

In order to remove oxide films on the solder bumps, nor 
mally, fluxing agent is coated on the Surfaces of the Solder 
bumps, and then the upper and lower chips are aligned and 
stacked. Next, in a reflow chamber, the solder bumps are 
heated and melted to be connected, and then the fluxing agent 
is cleaned. However, in accordance with decreasing size and 
formation pitch of the solder bumps, it becomes difficult to 
clean the fluxing agent completely. A residue of the fluxing 
agent results in a problem. 

Thus, it has been considered that the solder bumps are 
heated and melted to be connected while removing the oxide 
films on the surfaces of the solder bumps by a carboxylic acid 
such as a formic acid. In JP-A 2001-244618 (KOKAI) and 
JP-A 2001-244283 (KOKAI), it has been disclosed that in a 
state where a semiconductor chip having Solder bumps is 
mounted on a wiring Substrate, the semiconductor chip is 
disposed in a reduced pressure atmosphere containing a car 
boxylic acid gas, and the solder bumps are heated and melted 
in Such an atmosphere. By heating the solder bumps in the 
reduced pressure atmosphere containing the carboxylic acid 
gas, the oxide films on the Surfaces of the Solder bumps are 
removed, and voids inside the solder bumps (solder layers) 
ascribable to gas to occur at the time of heating the Solder are 
removed. 
When solder bumps provided on upper and lower chips are 

connected each other, the solder bumps are temporarily 
tacked, and then the chips having the temporarily tacked 
solder bumps are disposed inside a reflow chamber. In this 
case, the oxide films are caught in interfaces between the 
temporarily tacked solder bumps, and it is difficult to achieve 
both improvement in connectivity between the solder bumps 
and Suppression of Voids to occur inside the Solder bumps 
after being melted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A to FIG. 1C are cross-sectional views showing a 
process of manufacturing a semiconductor device according 
to a first embodiment. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
FIG. 2 is a cross-sectional view showing a state of solder 

bumps in the process of manufacturing the semiconductor 
device shown in FIG. 1A to FIG. 1C in an enlarged manner. 

FIG. 3 is a cross-sectional view showing a state where the 
solder bumps are temporarily tacked to each other in the 
process of manufacturing the semiconductor device shown in 
FIG. 1A to FIG. 1C in an enlarged manner. 

FIG. 4 is a view showing pressure and temperature profiles 
in a process of removing oxide films on Surfaces of the Solder 
bumps and a process of melting the Solder bumps in the first 
embodiment. 

FIG. 5 is a view showing a modified example of the pres 
sure and temperature profiles shown in FIG. 4. 

FIG. 6 is a view showing another modified example of the 
pressure and temperature profiles shown in FIG. 4. 

FIG. 7 is a view showing pressure and temperature profiles 
in a process of removing oxide films on Surfaces of Solder 
bumps and a process of melting the solder bumps in a second 
embodiment. 

FIG. 8 is a view showing a modified example of the pres 
sure and temperature profiles shown in FIG. 7. 

DETAILED DESCRIPTION 

In one embodiment, a method of manufacturing a semi 
conductor device includes stacking a second substrate having 
second solder bumps on a first Substrate having first Solder 
bumps while temporarily tacking the first solder bumps and 
the second solder bumps, disposing a stack of the first Sub 
strate and the second substrate, in which the first solder bumps 
and the second solder bumps are temporarily tacked, inside a 
furnace, exhausting gas in the furnace where the stack is 
disposed to be in a reduced pressure atmosphere, introducing 
a carboxylic acid gas into the furnace in the reduced pressure 
atmosphere, exhausting gas in the furnace to be in a reduced 
pressure atmosphere at a temperature in a range from a reduc 
tion temperature of oxide films on the first and second solder 
bumps by the carboxylic acid gas to lower than a melting 
temperature of the first and second solder bumps while 
increasing a temperature inside the furnace where the car 
boxylic acid gas is introduced, and joining the first Solder 
bumps and the second solder bumps by increasing a tempera 
ture inside the furnace in the reduced pressure atmosphere up 
to a temperature in a range of the melting temperature of the 
first and second solder bumps and higher, and melting the first 
solder bumps and the second solder bumps. 

In another embodiment, a method of manufacturing a 
semiconductor device includes Stacking a second Substrate 
having second solder bumps on a first Substrate having first 
solder bumps while temporarily tacking the first solder bumps 
and the second solder bumps, disposing a stack of the first 
substrate and the second substrate, in which the first solder 
bumps and the second solder bumps are temporarily tacked, 
inside a furnace, exhausting the inside of the furnace where 
the stack is disposed to be in a reduced pressure atmosphere, 
and joining the first solder bumps and the second solder 
bumps by increasing a temperature inside the furnace in the 
reduced pressure atmosphere up to a temperature in a range of 
a melting temperature of the first and second solder bumps 
and higher, and melting the first and second bumps. A car 
boxylic acid gas is introduced into the furnace at least in the 
temperature range of the melting temperature of the first and 
second solder bumps and higher to make a carboxylic acid 
concentration in a range from 0.1 to 2.8 vol% while main 
taining a pressure inside the furnace in a range of 5x10 to 
3x10 Pa. 
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First Embodiment 

FIG. 1A to FIG. 10 are cross-sectional views showing a 
process of manufacturing a semiconductor device according 
to a first embodiment. As shown in FIG. 1A, a first substrate 
2 having first solder bumps 1 and a second substrate 4 having 
second solder bumps 3 are prepared. The first and second 
Substrates 2, 4 are, for example, semiconductor chips (silicon 
(Si) chips or the like) or silicon (Si) interposers. A combina 
tion of the first and second substrates 2, 4, which is, for 
example, a combination of a first semiconductor chip (2) and 
a second semiconductor chip (4), a combination of a Si inter 
poser (2) and a semiconductor chip (4), a combination of a 
semiconductor chip (2) and a Si interposer (4), or the like, is 
not limited in particular. 
The first and second solder bumps 1, 3 are arranged in a 

matrix form in prescribed regions of the Substrates 2, 4 
respectively. The solder bumps 1,3 as shown in FIG.2 respec 
tively, are formed on electrode pads 5, 7 provided on the 
surfaces of the substrates 2, 4 via barrier metal layers 6,8. As 
a constituent material for the solder bumps 1, 3, for example, 
a lead-free solder alloy such as Sn—Ag based solder alloy, 
Sn-Cubased solder alloy, Sn—Ag—Cubased solder alloy, 
Sn Bibased solder alloy, or Sn. In based solder alloy is 
used, or an Sn Pb based solder alloy is used. The solder 
bumps 1, 3 may also be one of lead-free solder containing 
substantially no lead and lead solder. 
The solder bumps 1, 3 are formed by, for example, a plating 

method or using micro-balls made of a solder alloy. Oxide 
films do not exist on surfaces of the solder bumps 1, 3 just 
after being formed on the electrode pads 5, 7, but as time 
passes, the Surfaces of the Solder bumps 1, 3 are oxidized as 
shown in FIG. 2. Oxide films 9 formed on the surfaces of the 
solder bumps 1, 3 cause increase of resistance between the 
solder bumps 1 and 3 when the solder bumps 1, 3 are melted 
and connected and a connection failure to occur between the 
solder bumps 1 and 3. Thus, it is necessary to remove the 
oxide films 9 on the surfaces of the solder bumps 1, 3 before 
heating and melting the Solder bumps 1, 3. 
When flip-chip connecting the first substrate 2 and the 

second Substrate 4, first, the second Substrate 4 is stacked on 
the first substrate 2 while aligning the first solder bumps 1 and 
the second solder bumps 3. At this time, as shown in FIG. 1B 
and FIG. 3, the first solder bumps 1 and the second solder 
bumps 3 are temporarily tacked. The temporary tacking need 
to have strength to Such a degree that the upper and lower 
Substrates 2, 4 do not detach when a next process (process of 
removing the oxide films 9) is applied. When temporarily 
tacking the solder bumps 1, 3, application of ultrasonic waves 
and loads under room temperature by an ultrasonic flip-chip 
bonder, application of a temperature in the vicinity of a melt 
ing point of the solder and loads by a pulse heater heating 
type flip-chip bonder, or the like is employed. 

The first solder bumps 1 and the second solder bumps 3 are 
temporarily tacked in a state where the oxide films 9 exist on 
the surfaces of the solder bumps 1, 3, so that the first solder 
bumps 1 and the second solder bumps 3 are brought into a 
state where the oxide films 9 are caught in contact interfaces 
between the first solder bumps 1 and the second solder bumps 
3. However, the first solder bumps 1 and the second solder 
bumps 3 are in a state of being temporarily tacked, and thus 
gaps G exist in the contact interfaces between the first solder 
bumps 1 and the second solder bumps 3 as shown in FIG. 3. 
By using the gaps G in the contact interfaces as above, the 
oxide films 9 existing on the surfaces of the solder bumps 1, 
3, including the oxide films 9 caught in the contact interfaces, 
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4 
are removed by a carboxylic acid gas, and then the Solder 
bumps 1, 3 are heated and melted. 
A process of removing the oxide films 9 existing on the 

Surfaces of the solder bumps 1,3 and a process of heating and 
melting the solder bumps 1,3 will be described with reference 
to pressure and temperature profiles inside a heating furnace 
shown in FIG. 4. First, a stack of the first substrate 2 and the 
second substrate 4, in which the solder bumps 1, 3 are tem 
porarily tacked to each other, is disposed inside a heating 
furnace (reflow chamber), and then the heating furnace is 
evacuated to be in a reduced pressure atmosphere. Oxygen 
remaining inside the heating furnace oxides the Solder bumps 
1, 3, and thus it is preferable to exhaust gas in the heating 
furnace to a reduced pressure state of 1x10 Pa or less, which 
is 5 Pa or so in particular, from an atmospheric pressure state 
(1.01x10 Pa). A carboxylic acid gas is introduced into the 
heating furnace in Such a reduced pressure atmosphere. 
The carboxylic acid gas is to reduce and remove the oxide 

films 9 existing on the surfaces of the solder bumps 1, 3. The 
carboxylic acid to be used as a reducing agent for the oxide 
films 9 is not limited in particular, and an aliphatic monova 
lent lower carboxylic acid or an aliphatic divalent lower car 
boxylic acid, which is, for example, a formic acid, an acetic 
acid, an acrylic acid, a propionic acid, an oxalic acid, a Suc 
cinic acid, a malonic acid, or the like, can be cited. It is 
preferable to use a formic acid among them because a cost of 
a formic acid and a cost for gasification are low and further a 
formic acid is excellent in a reducing process of the oxide 
films 9. Note that the case when a formic acid is used as a 
representative example of the carboxylic acid will be mainly 
explained in the following, but the carboxylic acid as a reduc 
ing agent for the oxide films 9 is not limited to this. 

After a carboxylic acid gas such as a formic acid is intro 
duced into the heating furnace, or almost simultaneously with 
introduction of a carboxylic acid gas, the heating furnace is 
increased in temperature at a predetermined temperature 
increase rate (for example, 40 to 50° C./min). When a formic 
acid is used as a carboxylic acid gas, the reducing process of 
the oxide films 9 is exhibited at a temperature of 150° C. or 
higher. That is, a reduction temperature T1 of the oxide films 
9 by a formic acid is approximately 150° C., and if the 
temperature inside the heating furnace becomes a tempera 
ture being equal to or higher than the reduction temperature 
T1, the oxide films 9 are reduced and removed. The solder 
bumps 1, 3 are exposed to a formic acid gas for, for example, 
several minutes in Such a temperature range of the reduction 
temperature T1 of the oxide films 9 and higher, and thereby 
the oxide films 9 existing on the surfaces of the solder bumps 
1, 3 are reduced and removed. 

It is preferable that a pressure inside the heating furnace 
where the carboxylic acid gas is introduced is set to be in a 
state lower than an atmospheric pressure. The concrete pres 
sure inside the furnace is preferable to be equal to or less than 
8x10" Pa, for example, depending on an introduction amount 
of the carboxylic acid gas. However, if the temperature inside 
the heating furnace increases up to a temperature of a melting 
point of the solder bumps 1, 3 or higher in such a state, (which 
is a state where the carboxylic acid gas is only introduced), 
there occurs afear that the carboxylic acid gas that has entered 
the above-described gaps G and gas that has occurred at the 
time of the reduction of the oxide films 9 are taken into the 
melted solder bumps 1, 3 and voids are formed. 

In the first embodiment, the heating furnace is evacuated to 
remove the carboxylic acid gas in a temperature range from 
the reduction temperature T1 of the oxide films 9 by the 
carboxylic acid gas to lower than a melting temperature 
(melting point T2) of the solder bumps 1, 3. That is, by 
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operating a vacuum pump connected to the heating furnace, 
the atmosphere inside the heating furnace is exhausted to be 
in a reduced pressure state. The atmosphere inside the heating 
furnace is evacuated in this manner before reaching the melt 
ing point T2 of the solder bumps 1, 3 (before the solder bumps 
1, 3 are melted), thereby the carboxylic acid gas that has 
entered the gaps G and the gas that has occurred at the time of 
the reduction of the oxide films 9 can be removed from the 
contact interfaces between the solder bumps 1 and 3. 
The carboxylic acid gas that has entered the gaps G and the 

gas that has occurred at the time of the reduction of the oxide 
films 9 are removed from the contact interfaces (the gaps G) 
between the solder bumps 1 and 3, and then, the solder bumps 
1, 3 are melted, thereby voids ascribable to the gas that has 
entered or occurred in the gaps G, namely voids to occur 
inside the solder bumps 1, 3 after being melted can be sup 
pressed. Further, even when the carboxylic acid gas is 
removed before reaching the melting point T2 of the solder 
bumps 1,3, the solder bumps 1,3 have already been exposed 
to the carboxylic acid gas at a stage prior to the removal, and 
thereby the oxide films 9 existing on the surfaces of the solder 
bumps 1, 3, including the oxide films 9 caught in the contact 
interfaces, can be removed. Thus, in the process of melting 
the solder bumps 1, 3, it makes it possible to suppress a 
connection failure between the solder bumps 1 and 3 and an 
increase in resistance between the solder bumps 1 and 3. 
The evacuation for exhausting an atmosphere gas inside 

the heating furnace may be performed in the temperature 
range from the reduction temperature T1 of the oxide films 9 
to lower than the melting point T2 of the solder bumps 1, 3. 
However, depending on a temperature increase rate of the 
heating furnace, if the timing of the evacuation inside the 
heating furnace is too early, there occurs a fear that a period of 
time to expose the Solder bumps 1,3 to the carboxylic acid gas 
becomes insufficient. On the other hand, if the timing of the 
evacuation inside the heating furnace is too late, there occurs 
a fear that the gas cannot be sufficiently discharged from the 
contact interfaces. It is preferable that an evacuation perfor 
mance temperature is set in a range from a temperature 10°C. 
lower than the melting point T2 (T2-10°C.) to a tempera 
ture 5°C. lower than the melting point T2 of the solder bumps 
1, 3 (T2-5°C.). When a period of time to expose the solder 
bumps 1, 3 to the carboxylic acid gas becomes insufficient, 
the heating furnace can be maintained at a temperature of the 
reduction temperature T1 of the oxide films 9 or higher for a 
predetermined period of time, or a temperature increase rate 
during the above period of time can be slowed. 
The evacuation in the temperature range lower than the 

melting point T2 of the solder bumps 1, 3 is preferably per 
formed to make the pressure inside the heating furnace equal 
to the pressure obtained before the carboxylic acid gas is 
introduced. Concretely, it is preferable that the heating fur 
nace is evacuated until the pressure inside the heating furnace 
is brought into a reduced pressure state of 1x10 to 1x10 Pa 
in the temperature range from the reduction temperature T1 of 
the oxide films 9 to lower than the melting point T2 of the 
solder bumps 1, 3. This makes it possible to diffuse the car 
boxylic acid gas that has entered the gaps G in the contact 
interfaces and the gas that has occurred at the time of the 
reduction of the oxide films 9 to the surroundings. 

There is sometime a case that the oxide films 9 caught in the 
contact interfaces cannot be reduced completely only by 
introducing the carboxylic acid gas into the heating furnace 
once because the gaps G in the contact interfaces between the 
solder bumps 1 and 3 are narrow. Further, it is also possible to 
consider that the gas that has entered or occurred in the gaps 
G cannot be removed sufficiently depending on diameters and 
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6 
a temporary tacking state of the solder bumps 1, 3. With 
respect to such a point, as shown in FIG. 5, it is preferable that 
a process of introducing the carboxylic acid gas into the 
heating furnace and a process of evacuating inside the heating 
furnace (process of exhausting the carboxylic acid gas) are 
repeatedly performed a plurality of times in a temperature 
range of the reduction temperature T1 of the oxide films 9 by 
the carboxylic acid gas and higher. 
A treatment in which the oxide films 9 are reduced and 

removed by introducing the carboxylic acid gas into the heat 
ing furnace and a treatment in which the carboxylic acid gas 
remaining after the oxide films 9 are reduced and the gas that 
has occurred at the time of the reduction of the oxide films 9 
are discharged outside the heating furnace are repeatedly 
performed, thereby enabling the oxide films 9 caught in the 
contact interfaces to be well removed. Further, the gas that has 
entered or occurred in the gaps G in the contact interfaces can 
also be discharged more securely. Thus, the solder bumps 1,3 
are thereafter melted to be joined, thereby enabling voids to 
occur inside the solder bumps 1, 3 after being melted to be 
Suppressed while more securely suppressing a connection 
failure between the solder bumps 1 and 3 and an increase in 
resistance value between the solder bumps 1 and 3 after being 
melted. 
When the process of introducing the carboxylic acid gas 

and the process of evacuating inside the heating furnace are 
repeatedly performed a plurality of time, it is preferable that 
the heating furnace is maintained in the temperature range 
from the reduction temperature T1 of the oxide films 9 by the 
carboxylic acid gas to lower than the melting point T2 of the 
solder bumps 1, 3 for a predetermined period of time. This 
makes it possible to repeatedly perform the treatment of 
reducing the oxide films 9 and the treatment of discharging 
the gas before reaching the melting point T2 of the solder 
bumps 1, 3. The number of times in which the process of 
introducing the carboxylic acid gas and the process of evacu 
ating inside the heating furnace are repeatedly performed is 
not limited in particular, but considering an effect obtained 
after these processes are repeatedly performed and an 
increase in process time, it is preferable that the gas introduc 
tion and the evacuation are repeatedly performed in a range of 
three to five times. 

Thereafter, by increasing the temperature inside the heat 
ing furnace up to a temperature range of the melting point T2 
of the solder bumps 1,3 and higher, the solder bumps 1, 3 are 
melted. In the case when the solder bumps 1, 3 are composed 
of lead-free solder, for example, a melting point of the lead 
free solder differs depending on the composition of a solder 
alloy but is approximately 220 to 23.0°C., so that the solder 
bumps 1, 3 are heated up to Such a temperature or higher to be 
melted. In the case when the solder bumps 1, 3 are composed 
of lead solder, the solder bumps 1, 3 are heated up at a 
temperature of 183° C. or higher, which is a melting point of 
the lead solder, to be melted. 
The melted solder bumps 1, 3 are integrated to constitute 

connection parts 10 as shown in FIG. 1C. The first embodi 
ment promotes the diffusion of the gas that has entered or 
occurred in the gaps G in the contact interfaces to the Sur 
roundings while removing the oxide films 9 caught in the 
contact interfaces between the solder bumps 1 and 3. Thus, it 
makes it possible to suppress the occurrence of Voids inside 
the connection parts 10 while forming the good connection 
parts (connection parts excellent in shapes, continuity, and so 
on) 10 by the solder bumps 1, 3. That is, the electrically and 
mechanically excellent connection parts 10 can connect the 
Substrates 2 and 4. 
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Then, the inside of the heating furnace is reduced in tem 
perature to a temperature enabling a connection structure to 
be taken out easily, which is a temperature of for example, 
100° C. or so, and the inside of the heating furnace is returned 
to an atmospheric pressure by introducing an inert gas such as 
a nitrogen gas into the heating furnace, and thereafter, the 
structure in which the first substrate 2 and the second sub 
strate 4 are connected via the connection parts 10 composed 
of the solder bumps 1,3 is taken out of the heating furnace. 
The return from the reduced pressure to the atmospheric 
pressure inside the heating furnace may be performed after 
the temperature inside the heating furnace is reduced downto 
the temperature enabling the connection structure to be taken 
out easily in this manner, but it is also effective that as shown 
in FIG. 6, for example, the pressure inside the heating furnace 
is momentarily-returned to the atmospheric pressure by intro 
ducing an inert gas Such as a nitrogen gas into the heating 
furnace at the temperature range of the melting point T2 of the 
solder bumps 1, 3 and higher. 
By momentarily-returned the pressure inside the heating 

furnace to the atmospheric pressure while the solder bumps 1, 
3 are being melted, small air bubbles remaining inside the 
melted solder bumps 1,3 (connection parts 10 in a melted 
state) can be crushed. That is, large Voids ascribable to the gas 
in the contact interfaces between the solder bumps 1 and 3 can 
be removed by evacuating inside the heating furnace in the 
temperature range lower than the melting point T2 of the 
solder bumps 1, 3, but there is sometime a case that small 
voids remain in the vicinities of the interfaces. Such small 
Voids are crushed by applying pressure to them from the 
surroundings while the solder bumps 1, 3 are being melted, 
thereby the more sound connection parts 10 can be obtained. 

The structure (a connection body of the first substrate 2 and 
the second Substrate 4) taken out of the heating furnace is 
conveyed to a commonly-used assembly process similarly to 
a general semiconductor device. The assembly process is 
selected depending on a semiconductor device and is not 
limited in particular. One example of the assembly process 
will be described. First, a thermosetting underfill resin is 
filled in a gap between the first the second substrate 2, 4 and 
is cured. The connection body of the first substrate 2 and the 
second Substrate 4 is mounted on, for example, a third Sub 
strate composed of a wiring Substrate, and then the connec 
tion body and the third substrate are connected by wire bond 
ing or the like. Such a structure is resin-molded, and then an 
outer lead ball is disposed thereon to form an external con 
nection terminal of a semiconductor device (semiconductor 
package). 

Second Embodiment 

In a process of manufacturing a semiconductor device in a 
second embodiment, similarly to the first embodiment (see 
FIG. 1A to FIG. 1C, FIG. 2, and FIG.3), a second substrate 4 
is stacked on a first Substrate 2 while aligning first solder 
bumps 1 and second solder bumps 3. The first solder bumps 1 
and the second solder bumps 3 are temporarily tacked. A 
concrete example of the Substrates 2, 4, a constituent material 
for the solder bumps 1, 3, a method oftemporarily tacking the 
solder bumps 1, 3, and so on are similar to those in the first 
embodiment. 

Next, similarly to the first embodiment, a stack of the first 
substrate 2 and the second substrate 4, in which the solder 
bumps 1, 3 are temporarily tacked to each other, is disposed 
inside a heating furnace (reflow chamber), and then the heat 
ing furnace is evacuated to be in a reduced pressure atmo 
sphere. Oxygen remaining inside the heating furnace oxides 
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8 
the solder bumps 1, 3, so that it is preferable that gas in the 
heating furnace is exhausted to be in a reduced pressure State 
of 1x10 Pa or less, which is 5 Pa or so in particular, from an 
atmospheric pressure state (1.01x10 Pa). A carboxylic acid 
gas is introduced into the heating furnace in Such a reduced 
pressure atmosphere, and the heating furnace is increased in 
temperature up to a melting temperature (melting point T) of 
the Solder bumps 1, 3 or higher. As a reducing agent for oxide 
films 9, a carboxylic acid gas similar to that of the first 
embodiment can be used, and it is preferable to use a formic 
acid gas from the viewpoint of cost and a reducing process in 
particular. 
The introduction of the carboxylic acid gas is performed 

while maintaining a pressure (an ambient pressure) inside the 
heating furnace in a range of 5x10 to 3x10' Pa. That is, the 
carboxylic acid gas is introduced into the heating furnace 
while maintaining the heating furnace in a moderate reduced 
pressure state. Concretely, the heating furnace is evacuated to 
remove oxygen inside the heating furnace, and then the car 
boxylic acid gas having a moderate concentration and flow 
rate is continued to be Supplied while continuing the evacu 
ation (exhaust). This makes it possible to perform a process of 
melting the Solder bumps 1,3 under a reduced pressure atmo 
sphere in which the concentration of the carboxylic acid gas 
inside the heating furnace is maintained in a moderate State. 
When the concentration of the carboxylic acid gas inside 

the heating furnace in the process of melting the Solder bumps 
1,3 is too high, the redundant carboxylic acid gas is taken into 
the melted solder bumps 1, 3 to thereby become voids. In 
order to suppress the occurrence of voids by the carboxylic 
acid gas as above, in the second embodiment, the pressure 
inside the heating furnace in the process of melting the solder 
bumps 1,3 is set to be equal to or less than 3x10 Pa. When the 
pressure inside the heating furnace exceeds 3x10' Pa, gas 
volume to be taken into the melted solder bumps 1, 3 is 
increased, and Voids are likely to occur inside the Solder 
bumps 1, 3. 

Despite the concentration of the carboxylic acid gas under 
such a reduced pressure atmosphere, the oxide films 9 on 
surfaces of the solder bumps 1, 3 are reduced and removed. 
That is, when the concentration of the carboxylic acid gas 
inside the heating furnace is set on the side of a relatively low 
concentration but the solder bumps 1, 3 provided on the upper 
and lower substrates 2, 4 are melted to be connected, the oxide 
films 9 existing on the surfaces of the solder bumps 1,3 can be 
reduced and removed. However, when the pressure inside the 
heating furnace becomes less than 5x10 Pa, the concentra 
tion of the carboxylic acid gas becomes too low, resulting that 
the oxide films 9 cannot be reduced and removed sufficiently. 
Thus, the pressure inside the heating furnace in the process of 
melting the solder bumps 1,3 is set to be equal to or more than 
5x1OPa. 
A process of introducing the carboxylic acid gas under the 

above-described reduced pressure atmosphere is performed 
so that a carboxylic acid concentration falls within a range of 
0.1 to 2.8% at a volume ratio. When this carboxylic acid 
concentration is converted into a molar concentration of, for 
example, a formic acid, it falls within a range of 4.1x10' to 
3.1x10° mol/L. When the concentration of the carboxylic 
acid gas exceeds 2.8 Vol %, the gas concentration inside the 
heating furnace is increased, resulting that Voids are likely to 
occur inside the solder bumps 1, 3. On the other hand, when 
the concentration of the carboxylic acid gas is less than 0.1 Vol 
%, a reducing process of the oxide films 9 by the carboxylic 
acid gas cannot be sufficiently obtained, and thus there occurs 
a fear that a connection failure and an increase in resistance 
value between the solder bumps 1 and 3 are caused. 
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It is preferable that the pressure inside the heating furnace 
in the process of melting the Solder bumps 1,3 is set in a range 
of 1.3 to 2.7x10' Pa. It is more preferable that the concentra 
tion of the carboxylic acid gas at this time is set in the range 
of 0.1 to 2.8 vol%, which is further set in a range of 0.1 to 1 
vol%. The concentration of the carboxylic acid gas under the 
above-described reduced pressure atmosphere is set on the 
side of a lower concentration, and thereby voids inside the 
melted solder bumps 1,3 can be suppressed with high repro 
ducibility. Thus, the concentration of the carboxylic acid gas 
is desirable to be set in the range of 0.1 to 1 vol%. 
The temperature inside the heating furnace in which the 

furnace inside pressure (ambient pressure) and the carboxylic 
acid concentration are set as above is increased up to a tem 
perature range of the melting point T of the solder bumps 1,3 
and higher, and thereby the solder bumps 1, 3 are melted. In 
the case when the solder bumps 1,3 are composed of lead-free 
solder, a melting point of the lead-free solder differs depend 
ing on the composition of a solder alloy but is approximately 
220 to 23.0°C., so that the solder bumps 1, 3 are heated up at 
a temperature of the above melting point or higher to be 
melted. In the case when the solder bumps 1, 3 are composed 
of lead solder, the solder bumps 1, 3 are heated up at a 
temperature of 183° C. or higher, which is a melting point of 
the lead solder, to be melted. The melted solder bumps 1, 3 are 
integrated to constitute connection parts 10 as shown in FIG. 
1C. 

At the time of melting the solder bumps 1,3, the oxide films 
9 are reduced and removed by the carboxylic acid gas existing 
inside the heating furnace. At this time, the ambient pressure 
and the gas concentration in the heating furnace are lowered 
downto values capable of reducing the gas Volume to be taken 
into the melted solder bumps 1, 3 within a range in which the 
reducing process of the oxide films 9 can be obtained, and 
thus it is Suppressed that the carboxylic acid gas is taken into 
the connection parts 10 to be voids. That is, it makes it 
possible to remove the oxide films 9 and then to well connect 
the solder bumps 1 and 3 each other and to obtain the good 
connection parts 10 with a reduced amount of voids. Thus, the 
electrically and mechanically excellent connection parts 10 
can connect the Substrates 2 and 4. 

In the case when a formic acid is used as the carboxylic acid 
gas, the reducing process of the oxide films 9 is exhibited at a 
temperature of 150° C. or higher, and thus the heating furnace 
may be maintained in a temperature range of the above tem 
perature to lower than the melting point Tof the solder bumps 
1, 3 for a predetermined period of time. This makes it possible 
to increase an effect of removing the oxide films 9. However, 
the carboxylic acid gas is only necessary to exist at least at the 
time of melting the solder bumps 1,3, so that as shown in FIG. 
8, the carboxylic acid gas may also be introduced into the 
heating furnace only at the time of melting the solder bumps 
1.3 (in a temperature range of the melting point Tand higher). 
The carboxylic acid gas is only necessary to be introduced at 
least at the time of melting the solder bumps 1,3. The ambient 
pressure and the gas concentration at this time are the same as 
those described above. 

The inside of the heating furnace is reduced in temperature 
down to room temperature to be retuned to an atmospheric 
pressure by introducing an inert gas Such as a nitrogen gas 
into the heating furnace, and then a structure in which the first 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
substrate 2 and the second substrate 4 are connected via the 
connection parts 10 composed of the solder bumps 1, 3 is 
taken out of the heating furnace. The structure (a connection 
body of the first substrate 2 and the second substrate 4) taken 
out of the heating furnace is conveyed to an assembly process 
similarly to a common semiconductor device. The assembly 
process is selected depending on a semiconductor device, and 
is not limited in particular. A concrete example of the assem 
bly process is the same as that described in the first embodi 
ment. 

Next, a concrete example of the process of manufacturing 
the semiconductor device in the second embodiment will be 
explained. First, two Si chips having solder bumps (diam 
eters: 25 um) composed of lead-free solder are prepared. 
These solder bumps of the Si chips are temporarily tacked to 
each other by using a pulse heater heating-type flip-chip 
bonder (a heating temperature: 250° C.). This temporarily 
tacked body is disposed inside a heating furnace, and then the 
heating furnace is evacuated to be equal to or less than 5 Pa. 
An ambient pressure inside the heating furnace thereafter, a 
concentration and a flow rate of a formic acid gas to be 
Supplied into the heating furnace are adjusted as follows. 

In an example 1, a formic acid gas having a predetermined 
concentration is Supplied into a heating furnace in which a 
furnace inside pressure is set to be 1.3x10 Pa (100 Torr) at a 
flow rate of 15 L/min. A formic acid concentration inside the 
furnace at this time is 1.4 vol% (6.2x10 mol/L). In an 
example 2, into a heating furnace in which a furnace inside 
pressure is set to be 1.3x10 Pa (100 Torr), a formic acid gas 
having a predetermined concentration is supplied at a flow 
rate of 1 L/min, and as an attenuate gas, a nitrogen gas is 
Supplied at a flow rate of 14L/min. A formic acid concentra 
tion inside the furnace at this time is 0.1 vol% (4.1x10' 
mol/L). 
As a comparative example 1, a formic acid gas having a 

predetermined concentration is Supplied into a heating fur 
nace in which a furnace inside pressure is set to be 8x10" Pa 
(600 Torr) at a flow rate of 15 L/min. A formic acid concen 
tration inside the furnace at this time is 8.2 vol% (3.7x10° 
mol/L). In a comparative example 2, into a heating furnace in 
which a furnace inside pressure is set to be 8x10 Pa (600 
Torr), a formic acid gas having a predetermined concentration 
is Supplied at a flow rate of 1 L/min, and as an attenuate gas, 
a nitrogen gas is Supplied at a flow rate of 14L/min. A formic 
acid concentration inside the furnace at this time is 0.6 vol% 

(2.5x10 mol/L). 
The heating furnace in each of the examples is increased in 

temperature up to 265° C. and is maintained for three minutes 
at the temperature of 265°C., and then is reduced in tempera 
ture down to room temperature. In this manner, the Solder 
bumps of the two Sichips are melted to be joined respectively. 
Five of a chip joined body, (which is a structure in which the 
two Si chips are connected by melted and solidification bod 
ies of the solder bumps), in each of the examples are each 
manufactured, and the presence/absence of voids in the Solder 
bumps (each 162 bumps/810 bumps in total) at the same 
single point in each of the chips are examined. With regard to 
Voids inside the solder bumps, the presence/absence of large 
Voids whose diameter is equal to or more than 10 um and the 
presence/absence of Small Voids whose diameter is less than 
10 um are examined respectively. These results of measure 
ment are shown in Table 1. 
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TABLE 1. 

The number of bumps in which voids have occurred 

Furnace Formic acid Large voids Small voids Total 

inside pressure concentration Occurrence Occurrence Occurrence 
(Pa) (vol%) Number rate (%) Number rate (%) Number rate (%) 

Example 1 1.3 x 10 1.4 1,810 O.1 Of810 O 1,810 O.1 
Example 2 1.3 x 10' O.1 Of810 O Of810 O Of810 O 
Comparative 8 x 10' 8.2 47,810 5.8 64,810 7.9 111810 13.7 
example 1 
Comparative 8 x 10 O6 10,810 1.2 11,810 1.4 21,810 2.6 
example 1 

15 
As is clear from Table 1, in the examples 1 and 2 in which 

the pressure inside the heating furnace is set in a range of 
5x10 to 3x10 Pa and the formic acid concentration at this 
time is set in a range of 0.1 to 2.8 vol%, it is found that the 
number of bumps in which voids have occurred is greatly 
reduced as compared with the comparative examples 1 and 2. 
Further, from the result of the comparative example 2, it is 
found that even though the formic acid concentration is set in 
the range of 0.1 to 2.8 vol%, a sufficient effect of suppressing 
voids cannot be obtained in the case when the pressure inside 
the heating furnace exceeds 3x10" Pa. 

Results when conditions of the above-described examples 
are changed are shown in Table 2. In Table 2, a sample 1 is 
Such that solder bumps are melted on the same condition as 
that of the example 2. However, a temperature condition is set 
as 220° C. for three minutes (maintenance)->265° C. for 
three minutes (maintenance). In a sample 2, a formic acid gas 
(1 L/min) and a nitrogen gas (14 L/min) are Supplied into a 
heating furnace in which a furnace inside pressure is set to be 
2.7x10 Pa (200 Torr) so that a formic acid concentration 
becomes 0.2 vol%. In a sample 3, a formic acid gas (5 L/min) 
and a nitrogen gas (10 L/min) are Supplied into a heating 
furnace in which a furnace insidepressure is set to be 2.7x10' 
Paso that a formic acid concentration becomes 0.9 vol%. 

In a sample 4, a formic acid gas (5 L/min) and a nitrogen 
gas (10 L/min) are Supplied into a heating furnace in which a 
furnace inside pressure is set to be 1.3x10 Pa (100 Torr) so 
that a formic acid concentration becomes 0.5 vol%. In a 
sample 5, a formic acid gas (15 L/min) is Supplied into a 
heating furnace in which a furnace inside pressure is set to be 
1.3x10 Pa so that a formic acid concentration becomes 1.4 
Vol.%. In a sample 6, a formic acid gas (15 L/min) is Supplied 
into a heating furnace in which a furnace inside pressure is set 
to be 2.7x10. Paso that a formic acid concentration becomes 
2.8 vol%. 

TABLE 2 

Formic The number of voids Continuity 
Furnace acid that have occurred test 
inside concen- Large voids (Good 

pressure tration Occurrence products/Five 
(Pa) (vol%) Number rate (%) products) 

Sample 1 1.3 x 10' O.1 Of810 O 5/5 
Sample 2 2.7 x 10' O.2 Of810 O 5/5 
Sample 3 2.7 x 10' O.9 Of810 O 5/5 
Sample 4 1.3 x 10' O.S Of810 O 5/5 
Sample 5 1.3 x 10 1.4 1,810 O.1 5/5 
Sample 6 2.7 x 10' 2.8 3,810 0.4 5/5 

As is clear from the number of bumps in which voids have 
occurred shown in Table 2, it is found that an ambient pressure 
at the time of melting the solder bumps is set in a range of 1.3 
to 2.7x10 Pa and the formic acid concentration is set in a 
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range of 0.1 to 1 vol %, and thereby reproducibility of an 
effect of suppressing voids is improved. Note that in Table 2, 
continuity test results of the chip joined bodies in the respec 
tive samples are shown together. From the results of the 
continuity tests, it is found that in any one of the examples, the 
solder bumps are well melted and joined, and oxide films on 
surfaces of the bumps do not prevent the solder bumps from 
being connected each other. 

While certain embodiments have been described, these 
embodiments have been presented by way of example only, 
and are not intended to limit the scope of the inventions. 
Indeed, the novel methods described herein may be embodied 
in a variety of other forms; furthermore, various omissions, 
Substitutions and changes in the form of the methods 
described herein may be made without departing from the 
spirit of the inventions. The accompanying claims and their 
equivalents are intended to cover such forms or modifications 
as would fall within the scope and spirit of the inventions. 
What is claimed is: 
1. A method for manufacturing a semiconductor device, 

comprising: 
stacking a second Substrate having second solder bumps on 

a first substrate having first solder bumps while tempo 
rarily tacking the first solder bumps and the second 
Solder bumps; 

disposing a stack of the first Substrate and the second Sub 
strate, in which the first solder bumps and the second 
Solder bumps are temporarily tacked, inside a furnace; 

exhausting gas in the furnace where the stack is disposed to 
be in a reduced pressure atmosphere; 

introducing a carboxylic acid gas into the furnace in the 
reduced pressure atmosphere; 

increasing a temperature inside the furnace where the car 
boxylic acid gas is introduced to a temperature in a range 
from a reduction temperature of oxide films on the first 
and second solder bumps by the carboxylic acid gas to 
lower than a melting temperature of the first and second 
Solder bumps, so as to reduce and remove the oxide films 
formed on surfaces of the first and second solder bumps, 
including oxide films caught in between the temporarily 
tacked first solder bumps and second solder bumps, by 
the carboxylic acid gas introduced into the furnace; 

exhausting gas in the furnace to be in a reduced pressure 
atmosphere at the temperature in the range from the 
reduction temperature of the oxide films to lower than 
the melting temperature of the first and second solder 
bumps, so as to discharge the carboxylic acid gas and gas 
generated by the reduction of the oxide films outside the 
furnace before increasing a temperature inside the fur 
nace up to a temperature in a range of the melting tem 
perature of the first and second solder bumps and higher; 
and 
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joining the first solder bumps and the second solder bumps 
by increasing a temperature inside the furnace in the 
reduced pressure atmosphere up to a temperature in a 
range of the melting temperature of the first and second 
Solder bumps and higher, and melting the first and sec 
ond solder bumps. 

2. The manufacturing method according to claim 1, 
wherein the gas in the furnace where the Stack is disposed is 
exhausted to be in a reduced pressure atmosphere of 1x10 Pa 
or less. 

3. The manufacturing method according to claim 1, 
wherein the carboxylic acid gas is introduced into the furnace 
while maintaining a pressure inside the furnace in a pressure 
lower than an atmospheric pressure. 

4. The manufacturing method according to claim 1, 
wherein the carboxylic acid gas is introduced into the furnace 
while maintaining a pressure inside the furnace in a reduced 
pressure atmosphere of 8x10 Pa or less. 

5. The manufacturing method according to claim 1, 
whereinaformic acid gas is introduced into the furnace as the 
carboxylic acid gas. 

6. The manufacturing method according to claim 5. 
wherein the gas in the furnace where the formic acid gas is 
introduced is exhausted at a temperature in a range from 150° 
C. to lower than the melting temperature of the first and 
second solder bumps. 

7. The manufacturing method according to claim 5. 
wherein the gas in the furnace where the formic acid gas is 
introduced is exhausted at a temperature in a range from a 
temperature 10° C. lower than the melting point of the first 
and second solder bumps to a temperature 5°C. lower than the 
melting point. 

8. The manufacturing method according to claim 1, 
wherein introducing the carboxylic acid gas into the furnace 
and exhausting the gas in the furnace are repeatedly per 
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formed a plurality of times, and then the first solder bumps 
and the second solder bumps are melted. 

9. The manufacturing method according to claim 1, 
wherein a pressure inside the furnace is returned to an atmo 
spheric pressure in a state where the temperature inside the 
furnace in the reduced pressure atmosphere is in the range of 
the melting temperature of the first and second solder bumps 
and higher. 

10. The manufacturing method according to claim 9. 
wherein the pressure inside the furnace is returned to the 
atmospheric pressure by introducing an inert gas into the 
furnace. 

11. The manufacturing method according to claim 1, 
wherein the first substrate includes a semiconductor chip or a 
silicon interposer, and the second Substrate includes a semi 
conductor chip or a silicon interposer. 

12. The manufacturing method according to claim 1, 
wherein the carboxylic acid gas is introduced into the fur 

nace to make a carboxylic acid concentration in a range 
from 0.1 to 2.8 vol% while maintaining a pressure inside 
the furnace in a range of 5x10 to 3x10" Pa. 

13. The manufacturing method according to claim 12. 
wherein a formic acid gas is introduced into the furnace as 

the carboxylic acid gas, and 
wherein the formic acid gas is introduced into the furnace 

to make a formic acid concentration in a range of 4.1 x 
10 to 3.1x10 mol/L. 

14. The manufacturing method according to claim 12, 
wherein the carboxylic acid gas is introduced into the furnace 
to make the carboxylic acid concentration in a range of 0.1 to 
1 vol% while maintaining the pressure inside the furnace in 
a range of 1.3 to 2.7x10' Pa. 


